Objective. The study aimed to assess the accuracy of memories of both pain and the state anxiety that accompanies experimentally induced pain and to investigate the factors that influence the memory of experimental pain.
Introduction
There is growing evidence that people may not remember pain accurately, but the research findings are inconsistent. Some studies have found that the recall of experimental pain is overestimated [1] [2] [3] [4] , and others have found that it is either underestimated [5] [6] [7] or remembered accurately [8] [9] [10] [11] [12] .
Given the inconsistency of research findings on the memory of experimentally induced pain, we investigated the factors that may contribute to these differences. The results of previous studies on the memories of different types of pain indicate that many factors may influence the memory of pain, including the experienced pain [13] [14] [15] , the peak and the end of pain [16] [17] [18] , the length of delay between the pain experience and its recall [19] [20] [21] , and current pain during pain recall [20, 22, 23] . Psychological factors that may be related to the memory of pain include pain expectations [3, 4, 21] , negative affect [13, 15, 24] , distress [25] [26] [27] , state anxiety [13, 14, 24] , trait anxiety [28] [29] [30] , pain catastrophizing [31, 32] , and positive affect [13, 14, 24] .
The first aim of this study was to assess the accuracy of memories of both pain and the state anxiety that accompanies experimentally induced pain. Two previous studies that have examined the memory of experimentally induced pain have been conducted only with children, and although they assessed the memory of state anxiety, they did not measure its accuracy [33, 34] . The second aim of this study was to investigate the effect of the length of recall delay on the memory of experimentally induced pain. This issue has not been studied to date in the context of the memory of experimental pain. The third and main aim of the study was to determine the effects of state and trait anxiety on the memory of experimentally induced pain. The current study is not only the first to investigate the influence of trait anxiety on the memory of experimental pain, it also is the first study to determine the effect of a specific form of anxiety (i.e., pain anxiety) on the memory of experimentally induced pain.
Methods

Participants
A total of 49 female students participated in the study. The mean age of the participants was 20.38 (62.08) years. All of them were healthy, and none of them were taking any pain medication. They were recruited from the database of the university students who had joined the university program promoting participation in psychological studies. They were invited to participate in a study about pain mechanisms that consisted of two phases: the first phase began when individuals agreed to participate in the study, and the second phase was conducted either three or six months after completion of the first phase. The participants were informed that during the first phase of the study they would receive three electrical pain stimuli; however, they were not informed that the second phase of the study would investigate the memory of pain. They were also informed that they could end their participation at any point during the study without giving a reason. After the participants gave their informed written consent to participate in the experiment, they were assigned randomly to two experimental groups that differed in terms of the length of delay between the first and the second phase of the study. The first group consisted of 25 participants who completed the second phase of the study about three months (92.55 6 3.74 days) after the first phase of the study; the second group consisted of 24 participants who completed the second phase of the study about six months (185 6 3.47 days) after the first phase of the study (see Table 1 ). The study protocol was approved by the Research Ethics Committee of the Institute of Psychology of Jagiellonian University.
Pain Stimulation
Electrocutaneous pain stimuli were delivered to the inner side of the nondominant forearm by two durable stainless steel disk electrodes that were 8 mm in diameter and spaced 30 mm apart. Every participant received three pain stimuli of the same intensity 250 mA (400V), each lasting 200 ls, with an interstimulus interval of one second. Due to short duration of both pain stimuli and Anxiety and Memory of Pain interstimulus intervals, the participants did in fact one experimental pain task. The intensity of the pain stimuli that would be applied to the participants was determined in a preliminary study. A series of stimuli of ascending intensity (steps of 0.5 mA) was administered to six people, which started at the pain threshold (t) and increased until pain tolerance (T) was reached. After determining the value of t and T for each person, a pain stimulus of the mean [T -t] was chosen for use in the study. The pain stimuli were delivered by the Constant Current High Voltage Stimulator (Digitimer, model DS7AH, Welwyn Garden City, England).
Measures
The participants rated pain intensity on an 11-point numeric rating scale (NRS), ranging from 0 ¼ "no pain" to 10 ¼ "the most intense pain imaginable." Pain unpleasantness was measured by a similar 11-point NRS, ranging from 0 ¼ "not at all unpleasant pain" to 10 ¼ "the most unpleasant pain imaginable." State anxiety was also measured by an 11-point NRS, ranging from 0 ¼ "no anxiety" to 10 ¼ "the most intense anxiety imaginable."
Trait pain anxiety was measured by the Pain Anxiety Symptoms Scale (PASS) [35] , and the Fear of Pain Questionnaire III (FPQ-III) [36] . The PASS contains 40 items comprising four subscales: cognitive anxiety (CA), escape/avoidance (EA), fearful appraisal (FA), and physiological anxiety (PA). All items were rated on a scale ranging from 0 (never) to 5 (always). The FPQ-III is a 30-item measure that consists of three subscales: severe pain (SP), minor pain (Min. P), and medical pain (Med. P). Items are scored on a five-point scale ranging from 1 (not at all) to 5 (extreme).
Design and Procedures
The first phase began when the volunteers agreed to participate in the study. At that time, electrodes were applied to the inner side of the nondominant forearm of the participant and three pain stimuli were delivered. Immediately after the pain stimuli were applied, the intensity of the pain, the unpleasantness of the pain, and the state anxiety felt at that moment were rated. Afterward, the participants were asked to complete the PASS and the FPQ-III.
The second phase of the study was conducted three or six months after the first phase (depending on the experimental group). During the second phase, the participants were asked to rate the pain intensity, the pain unpleasantness, and the state anxiety they had felt during the first phase of the study using the same scales that were used in the first phase. It was emphasized that they were being asked to recall and describe how they remembered the pain and the anxiety they felt during the first phase of the study, rather than to recall how they had rated the pain and anxiety during the first phase.
Statistical Analysis
Statistical comparisons were performed using a repeated-measures, analysis of variance (ANOVA) design, with length of recall delay (three and six months) as between-subject factors and type of rating (experienced and recalled) as a within-subject factor. Separate ANOVAs were conducted for each dependent variable: pain intensity, pain unpleasantness, and state anxiety.
Pearson product-moment correlation coefficients (r) were calculated to examine the relationships between all the study variables: 1) experienced pain intensity, 2) recalled pain intensity, 3) experienced pain unpleasantness, 4) recalled pain unpleasantness, 5) experienced state anxiety, 6) recalled state anxiety, 7) cognitive anxiety, 8) escape/avoidance, 9) fearful appraisal, 10) physiological anxiety, 11) severe pain, 12) minor pain, and 13) medical pain.
Stepwise multiple regression was performed to determine the degree to which pain memory was predicted by experienced pain intensity or unpleasantness, and experienced and recalled state anxiety, cognitive anxiety, escape/avoidance, fearful appraisal, physiological anxiety, severe pain, minor pain, and medical pain. Separate analyses were performed for recalled pain intensity and pain unpleasantness (i.e., the dependent variables in the analyses), using forward, stepwise regression. Ten predictor (or independent) variables were tested in each of the two regression analyses. The order of entering the variables into the equation was not predefined a priori. Rather, it was determined by the amount of variance explained by a new variable, while controlling for other variables already in the equation. All the analyses were conducted using the STATISTICA data analysis software, version 12 (StatSoft Inc., Tulsa, OK, USA), with the exception of the compromise power analyses and effect sizes calculations, which were performed using G*Power 3.1.9.2 [37, 38] . The level of significance was set at a P value of less than 0.05 for rejecting the null hypothesis, in all the statistical analyses.
Results
ANOVA revealed that the type of rating did not have a significant main effect on pain intensity (F (1, 47) ¼ 1.61, P > 0.05), pain unpleasantness (F (1, 47) ¼ 0.27, P > 0.05), or state anxiety (F (1, 47) ¼ 0.48, P > 0.05). No significant main effects were found for recall delay (pain intensity: F (1, 47) ¼ 0.002, P > 0.05; pain unpleasantness: F (1, 47) ¼ 0.82, P > 0.05; state anxiety: F (1, 47) ¼ 3.59, P > 0.05), and no significant interaction was found between type of rating and recall delay (for pain intensity:
These results indicated that the participants recalled pain intensity, pain unpleasantness, and state anxiety accurately and that the length of recall delay had no effect on their memory of pain (see Table 1 ).
Given that none of the ANOVAs found significant main effects of recall delay or a significant interaction between recall delay and type of rating, correlation analyses and stepwise multiple regression analyses were performed on the entire sample. Experienced pain intensity, experienced pain unpleasantness, and severe pain exhibited modest positive correlations with recalled pain intensity and unpleasantness. Only modest intercorrelations (max. r ¼ 0.59) were found among 10 independent variables that were tested in each of the two regression analyses ( Table 2 ).
The first stepwise regression examined the ability of the 10 independent variables in the analysis to predict recalled pain intensity as a dependent variable. The following significant predictors of the recalled pain intensity were found: experienced pain intensity, recalled state anxiety, experienced state anxiety, physiological anxiety, and cognitive anxiety. In the final step of the analysis (step 7), these five significant predictors, together with the two nonsignificant predictors (i.e., fearful appraisal and severe pain) accounted for 60% of the total variance in recalled pain intensity (see Table 3 ).
The second stepwise regression examined the ability of the 10 independent variables to predict recalled pain unpleasantness as a dependent variable. Experienced pain unpleasantness, physiological anxiety, severe pain, recalled state anxiety, and experienced state anxiety were found to be significant predictors of recalled pain unpleasantness. In the final step of the analysis (step 9), these five significant predictors, together with a marginally significant predictor (i.e., escape/avoidance, P ¼ 0.07) and the three nonsignificant predictors (i.e., cognitive anxiety, minor pain, and fearful appraisal) accounted for 62% of the total variance in recalled pain unpleasantness (see Table 4 ).
Discussion
Both recalled intensity and the unpleasantness of experimentally induced pain were remembered accurately in the present study. These findings are consistent with the results of most of the prior studies on this topic, which have reported that past experimental pain is remembered accurately [8] [9] [10] [11] [12] . However, the results of the present study are contrary to the results of several past studies, which reported that the recall of experimental pain is underestimated [5] [6] [7] or overestimated [1] [2] [3] [4] .
Not only was the recall of experimentally induced pain remembered accurately in the present study, but the recalled state anxiety that accompanied the pain experience also was remembered accurately. Although two previous studies on the memory of experimentally induced pain assessed the memory of state anxiety, they did not investigate its accuracy [33, 34] . Moreover, both of those studies investigated the memory of pain in children. Thus, the current study is the first to assess the accuracy of memories of the state anxiety that accompanies experimentally induced pain and the first to investigate the memory of the state anxiety that accompanies experimentally induced pain in adults. However, previous research has investigated the accuracy of the memories of the state anxiety accompanying other types of pain. These studies found that recalled state anxiety that accompanies headache [14] and the pain induced by tooth restoration [24] were remembered accurately, which aligns with the results of the present study. In contrast, other research found that recall of the state anxiety that accompanies labor pain (both induced by vaginal delivery and caesarean section) and gynaecological surgeries was underestimated [13] .
The length of recall delay had no effect on the results of the current study. Although previous studies have shown that the length of delay between pain experience and its recall is an important factor influencing the memory of pain [19] [20] [21] , only a few of these studies have used a recall delay longer than one month [21, [39] [40] [41] [42] . That is why three-and six-month recall delays were chosen in the current study rather than a few days or a month and six months. Moreover, using three-and sixmonth recall delays made it possible to compare the study findings to the results of recent studies on the memories of other types of pain that were conducted in a similar paradigm, with the same recall delays [13] [14] [15] 24] . The current study findings are in keeping with the results of the recent research, which found no effect of the length of recall delay on pain recall [13] [14] [15] 24] . Interestingly, the only studies to use a between-subjects design are these same four recent studies, the current study, and a study by Cogan et al. (1988) , which also found no effect of recall delay on pain recall.
The current results, together with recent findings on the memories of other types of pain, in which the same recall delays of three and six months were used [13] [14] [15] 24] , suggest that the memory of pain and the state anxiety that accompanies pain are stable between three and six months after the actual pain experience. However, it is possible 1) that comparing pain recall at longer recall delays than those used in the current study would reveal that the length of delay does influence the memory of experimentally induced pain or 2) that the results of the studies that used within-subjects designs were biased by repeated pain recall. However, the possibility cannot be excluded that the length of recall delay has no effect on the memory of this specific type of experimentally induced pain.
The major finding of this study is that state and trait anxiety had an effect on the memory of pain. Both experienced and recalled state anxiety were found to be significant predictors of recalled pain. However, experienced state anxiety was found to be a negative predictor of both recalled pain intensity and pain unpleasantness, whereas recalled state anxiety was a positive predictor of the memories of pain. In other words, the higher the experienced anxiety level, the less intense and less unpleasant pain was remembered, and Table 2 Pearson product-moment correlation coefficients (r) between all the study variables the lower the recalled anxiety level, the more intense and more unpleasant pain was recalled. The difference in the direction of the relationships between experienced and recalled state anxiety and pain memories suggests that even when anxiety is remembered accurately, as was found in the current study, recalled anxiety may affect memories of pain in a different way than experienced anxiety. Although state anxiety and recalled pain-related fear were also found to be correlates, or predictors, of the memory of experimentally induced pain in previous studies with children [33, 34] , the present study is the first to demonstrate that experienced and recalled state anxiety also have effects on the memory of experimentally induced pain in adults.
This study found that the scores of two PASS subscales (i.e., physiological anxiety and cognitive anxiety) were significant predictors of recalled pain intensity. Furthermore, it was found that physiological anxiety and severe pain (FPQ subscale) were significant predictors of recalled pain unpleasantness and that the scores on another PASS subscale (i.e., escape/avoidance) were marginally associated with recalled pain unpleasantness. This is in line with the results of previous studies that found dental trait anxiety had an effect on the memory of dental pain [28] [29] [30] . Moreover, this is in line with findings showing that trait anxiety and anxiety sensitivity are correlates of recalled pain-related fear and expected pain-related fear [33] , as well as being predictors of recalled pain-related fear [34] . However, in the latter research the scores of the Short Form of the FPQ were not correlated with the memory of pain; they were correlated only with state anxiety, expected anxiety, reported anxiety, recalled anxiety, and dental anxiety [43] . The difference in the results of the current study and the previous one [43] in regard to the effects of the FPQ scores on memory of pain may result from different types of pain studied (experimental vs dental), different forms of the FPQ used (full vs short), and the fact that different types of FPQ scores were analyzed (subscale scores of full FPQ vs a total score of Short Form of the FPQ).
Memory of past pain influences subsequent pain experiences [2, 25, 33] and may play a role in the development of chronic pain [44, 45] . Thus, the influence of state and trait anxiety on the memory of pain that was found in the current study suggests that anxiety may have an effect on chronic pain by shaping pain memories. This is in line with the fear avoidance model of chronic pain [46, [46] [47] [48] , which postulates that pain-related fear plays a crucial role in the development of chronic pain.
Experienced pain was found to be the best single, positive predictor of both recalled pain intensity and unpleasantness. The effect of experienced pain on recalled pain revealed in the current study is aligned with the results of previous studies on the memory of experimentally induced pain [2, 3, 5, [9] [10] [11] 33, 34, 49] .
Some limitations of the current study should be acknowledged. First, as experimental pain was studied, the results may not be generalizable to other types of pain or to experimental pain that is not induced by electrical stimulation. Second, only young females participated in the study and as there are gender differences in pain perception, the results may not be generalizable to males or to older people. However, the aim of involving women only was to compare the study findings with the results of recent research on the memories of pain that were conducted in a similar paradigm with the same recall delays and with female participants only [13, 14, 24] . Third, recall delays different from those examined in this study (i.e., different from three and six months) may yield different results. Fourth, every participant received pain stimuli of the same intensity, 250 mA. Although the intensity of the pain stimuli was determined in a preliminary study to be set under pain tolerance level, lower intensity of the pain stimuli might have been determined if the calibration procedure had been conducted. Fifth, the sample size was rather small (N ¼ 49) for the regression analyses that included 10 independent variables. However, large power values (0.98-0.99), together with large effect sizes (0.35-1.63), suggest that the sample size was enough to find statistically significant results (Tables 3 and 4 ).
In summary, the present study found that both recalled pain intensity and unpleasantness were remembered accurately three and six months after the pain experience. The recollection of the level of state anxiety that accompanied the experimentally induced pain was also accurate. Both recalled pain intensity and unpleasantness were predicted by experienced pain, experienced and recalled state anxiety, and trait pain anxiety. The present study demonstrates that a specific type of trait anxiety, that is, pain anxiety, influences the memory of pain. However, future research is needed to replicate the current study findings before drawing any firm conclusions. Future research might focus on the effects of different levels of trait anxiety (high vs low) as well as the effects of manipulations of state anxiety level on the memories of pain.
The current study findings may have implications for clinical practice. They suggest that pain is a complex phenomenon and its memory, even when accurate, might be affected by both state and trait anxiety. Thus, an assessment of individual levels of both state and trait anxiety should be performed together with the pain assessment. Moreover, because the memory of pain influences future painful experiences [2, 25, 33] , particularly the development of chronic pain [44, 45] and decisions concerning future painful medical procedures [50] , clinicians should focus not only on the treatment of pain but also on the management of pain anxiety.
